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Foreword 


This volume presents one of a eollection of planetary mission definitions whieh 
summarize what is now known about several future missions of current interest in 
NASA planning. Since the missions are at various stages in the planning process, 
the firmness and validit>- of the information vary. The level of detail presented, 
however, is uniformly concise and reflects our present best estimate of the likely 
characteristies of each mission. .Most of the information comes from JPL technical 
studic*s sponsored by N.\S.\. 

For this mission, the choice of baseline reflects our initial judgment as to what 
level of performance gives a viable combination of scientific potential, develop- 
ment schedule, and cost. V'ariations from the baseline, such as launching in a later 
year or using a smaller or larger spacecraft, are included where they have bc'en 
studied. Our objective has been to compile in brief form the main tc*chnical con- 
clusions of recemt mission studic's in order that these results may interact with the 
broader (jnestions of scxipc*. pace, and priorities in the planetary exploration pro- 
gram as a whole. 


\V. H. Pickering 

Director, Jet Propulsion Laboratorx’ 
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Mars Rover 


Launch Date: January 1984 

Landing Date: Oc-tobt-r 1984 

Surface Lifetime: 12-18 months 

Injected Mass: 4000 

Rover Mass: 550 kg 

Instrument Mass: 70 kg 

Launch Vehicle: ShuttK‘/IUS, oiu‘ launch 

Objectives: 

To characterize surface geomorphology, cheniistr>', 
volatiles content, and environments for life. To aid in 
extending the point data of stationary landers and the 
survey data »f orbiters to a statistically meaningful deter- 
mination of Martian surface properties. 

Typical Science Investigations: 

Panoramic and closi-up imaging 
Chemical composition measurement 
Mineralogy of soils and rocks 
Traverse geophysics 
N’olatiles measurement 

Organics and life iletection (optional, not included in 
baseline) 

Mission Description: 

Hover, landed by \ iking-type descimt systems, travels 
slowly for si’Veral hundred km m about a year, with many 
stops for imaging and other measurements. Cround com- 
mand is n.sid to revise path, select experiments, and 
uixlate stored programs to make the mi.ssions as adaptive 
as possible subject to rover constraints, .\ctnal range 
traversed will be dependent on the science operations 
implemented along tin- traverse and on the terrain char- 
acteristics encountered by the vehicle. Hovir will 1h‘ 
capable of negotiating obstacles on the scale of 1 meter. 



Status: 


Conceptual mi.ssion and vehicle studies completed. No 
study effort currently underway. 

Estimated Funding: 

(1) laumch vehicle and DSN-supi>ort funding excluded. 

(2) Long lead time for rover development model testing. 
(.3) Inllatt-d dollars e<|ual 5% annual inflation. 


Fiscal > i-ar 79 St) 81 82 8.3 84 85 86 87 Total 

FV75 dollars (millions) 16.4 71.5 HDD 1130 ‘)«)D 6ti.D 22D 16.6 .5.5 .5.50.0 

Inflat.'d dollars (millions) 19.1 91.0 147.1 21H) 7 145 9 102.1 T5.7 28.3 9.9 780.1 
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Mars Rover 


I. Science 

A. Rationale 

Direct measurements on the Martian surface are 
essential to pive data on the composition, accretion and 
dilferentiation history, and surface evolution of Mars. Sta- 
tionary landers can make such measurements at a few 
isolated points located at random within sc'lc'cted tarpet 
repions. hut to make a statistically meaniupful determina- 
tion of surface propertic-s and processc's wc* will nec“d 
mohility. 

Keen at the lOO-m resolution limit achiewed by 
Mariner 9. one s«-c-s a varic'ty of Martian landforms. Thc*y 
reflect an array of peolopic and atmospheric procc-sscs, 
some of which have earthly or lunar analops and some 
of which do not. N’olatilc's, includinp water, and winds 
appear to have h.ul major roles in shapinp parts of the 
surface; life, if present at all on Mars, is likc'ly to he 
.idaptei! to the local environments so created. Therefore, 
nidess life is uh'<|ni(ous on Mars, the sc’arch for it must 
inc lude seekinp and umh rstandinp these favorable sites. 
.Such a search inherently demands niohilit)’. 

Two kinds of surface* investipations are thus ri <|uired: 
first, a continuous recordinp of properties expected to he 
typical ill each province* e*x|)lored. and second, a surve*y 
of peolopically or l•nviroIlment;llly atypical site*s, e*ithe r 
se*li*cted in adv .iiiee* on the h.isis of ovcrhe ;id map|iiup or 
found ;is tarpets of opportunity. lamar surface* e*xplora- 
tion h.is followe-d a simil.ir r.ition.ile. 

B. Objectives 

I’ossihle* scie ntific olije*ctivi*s for a M.irs rover are as 
follows; 

(1) To determini* suif.ici* .end iitmospheric prope*rtie*s 
aloiip ;i tr.iwrse* of m.ijor |)rovine-es on Mars (hun- 


dreds of km). cove*rinp as many diffe*re nt landforms 
as possible. 

(2) I'o sample* surface* and ne*ar-surfac*e* (a fe*w cm) 
materials for chemical, mineral, and volatile con- 
te nt at hundreds of points alonp the* travc*rsc. 

(.3) To identify tarpets of ojiportunity, po to the*m, and 
explore spe*cial environments, includinp those that 
mipht harbor life*. 

(1) To de*tcct and charac tcri/.e life if it is pre*se ut. (May 
be dictate*d by re*sults from N’ikinp 75.) 

I'liis mission has not been studied in sulficie*nt depth 
to (juantitativc'ly ele*fine* scieiice* objectives and payload. 
The subsce|ue nt p;iyload and mission de*scription, de*fine*cl 
from rove*r studie*s jierformeel se*ve*r;d ye*ars apo, arc* only 
illustrative* of the characteristics and capabilitic*s desire*cl. 
.\s such, the intent here is to jmse nt a rove r mission with 
know n pe*neral cluirac teristics to allow for its consiile ra- 
tion in pl ininp a Mars strate*py for the* mid-iySO's. 

C. Typical Measurements and Payload Instruments 

I. Imapinp. The* rove*r should carry one or more* pano- 
ramic photofacsimile* c;ime*ras. The* panoramic caincTa is 
the prirnarv instrume*nt for peolopical reconnaissance*, 
orientation, and navipation of the rovi*r (He*f. 1). The* 
Vikinp lander came*ras, which are* mulfispe*ctral and can 
scan a comple*te* hori/.ont;il panorama with a vc*rtical fie*lcl 
of 60 de*p and a be*st anpular resolution of 0.01 de*p, cmdd 
be* used. Tc*sts have* shown that the* Minifax c*ame*ra 
(Hef. 2), which is much sm.iller and liphte*r than the* 
N’ikinp came*ra b*it lacks some* of its versatility, wmdd 
also pive* acceptable* n.evipation performance* for a raver. 

In aildition to the panoramic* came ra, the* rover should 
h.ive* a c Iose*u|i im.ipinp sysfi in for vie*winp nhje*i ts at a 
scale* of millimeters to te ns of mil rolls I his could be* a 
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T\’ camera (Hcfs. 3 ami 4). A scanning electron micro- 
scope should also he considc'rcd. 

The rc<|uircmcnts for photonu-tric, dimciisional, and 
spectral fidelity and resolution for both the panoramic 
and elosenp cameras can be deriv» (l from simulation ex- 
periuuaits as deseribi'd in Hefs. 3, 1, and .'5, 'I he recpiin’d 
performance is readily achievable in dayliuht on Mars, 
so lonn as the imau*' transmission rate is limited to match 
the teleeommuiiieations bandwidth. 

2. Cihemieal composition sensing. .Mpha-partiele inter- 
actions, .\-ray lluoreseenee, and spectrometry of natural 
gamma rays have all been used to detect ehanents on the 
Moon and N’euus. .\ combined alpha/.\-ray instrument 
has been proposed for Mars (Itef. 6) and would be very 
appropriate for a ros’er. 

.3. Mineral species detection. Some data on mineral 
|)hases can be obtained by .\-ray diffraetometry. How- 
ever. in view of the widespread aeolian transport of dust 
on .Mars, r.mdom soil satuples may include mineral grains 
from many sources, and hence their average mineralogy 
may not be very informatixe (som«‘ lunar breccias present 
a similar probh-m). Since the preparation of thin sections 
is probably out of the (piestion, recognition of individual 
mineral species in a mixed soil aggregate* will have to 
(lej)eud on oiitieal or electron microscopy (Ref. 7), and 
will be im|)<‘rfeet. Recognition of minerals in rock sjve- 
imens may be possible using a combination of indirect 
t«‘chni(pu‘s along with the microscopy. For example, it 
is conceixabh* that .Mossbau<*r gamma-ray spectrometrx* 
could be used in sifti to detect the- oxidation states of iron 
in Martian roeks — a fundamental discove-r\ if it could lx* 
achieved. 

■4. Veilatilcs eletcctiem. \'e ry small and simple de tectors 
e-.m be- nseel for the* approximate* iu(*asuri*me*nt of atmo- 
sphe ric auel soil humiditx. I'eer more* epiantitative* me*a- 
sure*me*nts, el(*te*rmiuatie)n eif the* volatile* spe*cie*s pre*se*nt, 
auel asse*ssme*ut eif heiw the*y are bound emter or inte> the 
seiliels. p\re)lysis with eli(le*re*ntial the*rmal analysis and 
gas e hrenuateegraplu ceeulel be* use el. .Meire* e*xe)tic me*theiels, 
sue h as “zapping ” the* seiil in situ with a lase*r anel obse*rv- 
iug the* preielue ts. ha\e* be*e*n preipeise el but not \e*t de*\el- 
eipe*el iute) llyable* iustrume uts. 

.*>. (Geophysical measurements. Ile*at fletw, passive* and 
.uli\e* se*isme)iue tr\ . gravime try, iuagne*te)mi try. anel e*li*c- 
Irenu.igm tie* seMiiieliug are* ,dl ve*r\ ele*sirable* me*asure*- 
me nfs fe»r a Mars reive r tr.ivi*rse* (Re f. S). I'nfeirtunate ly. 
senile* eil ihe'se* me*,isure*me uts ,ire* epiite* eliflie'lllt to make* 
vv ith simple* re iueite lv e*eiulieille*el e*e|uipme*nt. the* ge*eiphv*Sl- 
e.ll pe*lfeirm.mce ei| the leilig range* rove r m.iv the*re*feire* 
be* epiite* luiule*el ' le .isure iiie III s Ilf the* iie*.ir-surface* eli 


cle*e*tric constant may be* i>eissible*. using the* l.meling raelar 
in a seiuiieiiiig moeh*. If this |)reivi*s to be* fe*asiblc, the* 
rove r shonlel carry the raelar aleiiig rathe r than le*aving it 
at the* laiieling site*. 

riie* reive*r eeiulel alsei carrv* a \'iking-tyi>e* passive* se*is- 
meinie*te*r. The value* eif tliis e*xpe*riuient vveiuhl be* streingly 
e*nhance*d if the* trave*rse* teiok place* while* twei or more* 
previously lande*el se*ismeiuie*te*rs we re* still ope rating at 
fixed site*.s on Mars. 

6. Life detection. (Optional) .\ Mars reive*r coulel carry 
Viking-type* biology instriime*i'ts, anel a ne*gativ*e* or blank 
re*siilt freini X’iking might elictate* this cheiiec. flowe*ve*r, the* 
roving missiein pre*se*nts an e}|)i)ortuuity tei make* hunelre*ds 
eir thousanels eif me*asure*me*iits, iiiste*ael eif the* fe*vv ])l,mne*d 
feir \ iking. sei that the* e*onsumptiein of re*age*nts e/r svveH*p 
gase*s, inte*rcontaniinatieiii of sucie*ssive* samples, auel con- 
treil of me*tabolic preielucts bi*ceiuie* significant j)roble*nis. 
The* ve*ry natural de*sire* tei wait for \’iking re*sults be*fore* 
.starting ele*sign of a trave*rse* bieilogv package* may prove* 
to be* a facteir ceintreilling the* reiv e r’s ele*ve*leipmi*ut sche*elulc. 

II. Mission Description 

Roving missieins eliviele* naturally intei twei classe*s: theisc 
in which the main eir only scie*ntific missiein is that of the 
rove*r and those* in vvliit h the* rove*r is e*sse*ntially a small 
adjunct tei a stationary lanelir. In e ither ease*, aelvance* 
eirbital mapping anel vve*athe*r eibse*rvation eif the inte*nde*d 
trave*rse* re*gion are* highly ele*sirable* but not manelateirx . 

Rox*crs correspeinding to the*se* two mission classe*s have 
be*e*n stuelicd (Refs. 9-12). typieal trave*r.se*, a.ssuming 
the roving missiein to be prime* anel tbc landeT (if any) to 
carry only rnelinuntary .scientific instrumentatiein, could 
be as follows: 

.\fter landing on Mars, the* reive r vvoulel first be Ieicate*d 
anel its eiricntatiein ele ti rmine el by re*fere*nce* to lanelmarks 
and ccle*stial obje cts sue h as .Sun ami K.irth. The n, afte*r 
any re'ipiireel e*iigini*e*ring che*ckout, it vvoulel be* e.om- 
mande*d to make* in situ me*asure*me*nts vv itbin anel outsiele 
the* are a elisturbed by laiieliiig reie ki t je ts. Re*e ause* eif the 
leing communicatiein range* and limited |)i*rioels of mutual 
vie*w, (omniaiid .se*ssioiis vveiulel be* brii*f anel much of 
the reiver’s aetivitv vveiulel be* in re*sponse* to programs 
store*el on bo.trel. (.'leisi*el-loiip e'onmianiliiig with human 
o|ii*rators in the* loo|i. as usi el for the* Russian I.uiiokhoels 
(Re f. 13), is probably out iil the* ipii stion mi Mars. 

.\fte*r the* local surve*y, the* rove r wiiiilil strike* out ae ross 
countrv’, sfopjiing for orient. iliiui. loe ation. p.ith eli*cisions, 
and iie*vv eiimmaiiil inputs .it ine n .isiiig inte rvals .is ope*r- 
ating ciinfieh*nci* ine*ri*asi*el liiiti.d progre*ss vvoulel be* vi*rv 
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Fig. 1. Mars rover representative surface traverses 


slow, pi rliaps only tens of motors per day, hut tho avor- 
aijo travnst sjrood lould l.ilor riso to some kilomotors per 
(lav. Nii’l'f travel is (|uostioiial)lo. Imauimr and the other 
sciontilio ovporimonts uoidd ho porforniod at solootod 
stops, and tho future |)ath and exporimont sorpiotioos 
would ho modified hy command Tot.d trax’orso dist.inco 
and time Kinid ho soxoral hnndrod km and ahont oin* 


year, rospoctiv cK . The sciontilio o|)orations uoidd ho 
adaptive, hut only to tho o\l( nt and at th< latt p< rniittod 
hy the loim commnnications distaiuc and tho ntx'or’s 
limited o\|iorimontal repertoire I'mnro 1 slims s tr.ixorsos 
that miuht ho pl.iinn d to invi stii'.ito tho v.iria'ions of 
Martian i^ooloi's .md < inironmcnt from rouion to rcuion 
One mission oiidnn' on tho North pol.ir (.ip is shosui 


UlsUil sA’.. 1 1 ' o’ 





III. Spacecraft Characteristics 

Two class(‘s of Mars rovers arc possible based on Viking 
techniques. Both are described here as b*asible alterna- 
tives. Either would proside a major augmentation of 
surface-exploration potential relative to a fixed lander. 

The first kind of rover would be a large machim' which 
would utilize most of the Viking-type landed weight 
capability (Fig. 2, Refs. 9 and 14). This mission could use 
launch, transit, and entry-aerodec»'lerator systems, t»*r- 
minal-descent rockets and radars (h’rived from Viking- 
ty|H* systems. Fostlanding subsysti'ins would have to 
be repackaged, redesigned, or new. Tins rover could 
perform the long-range, long-duration mission described 
in Section II. 

This machine would have a mass of about 5.50 kg, with 
an instrument payload capacity lU'ar 70 kg and power 
available for experiments and data transmission of about 
20 watts while mosing and 200 watts or more while 
stopped. It would ha' e high mobility (surmounting obsta- 
cles of about 1 meter/ and could traverse up to several 
kilometers per day for a year or more on Mars. 

The second feasible kind o. rover based on \'iking is a 
small vetiich" carrieil on ami launched from the Viking 
lander (Fig. .4, Ref. IIV It could carry a Viking pano- 
ra lie fascimile camera and a liiieted in situ analysis 
package such as a combined alpha backsiattering and 
.\-ray analyzer. Travi rsing at a rate of about KK) meters 
per day, it could explore outward from the lander for 
some tens of kilometiTs, giving data similar to those* pro- 
dui-ed by the .Smiet Lunokhod Ro\crs (Ref. M, 15, 16). 


- ' - LOW-GAIN ANUNNA 



Fig. 2. Large Mars rover configuration 



COMMUNICATION ^ POWtR DRIVE AND 



Fig. 3. Small Mars rover, with lander 


.Such a Mars rover would have a mass of about KK) kg. an 
instrument payload of 10-15 kg, .tnd a limited electrical 
powe r siipjily allowing ]ierbaps 20 watts for <A|)e rinients 
and (lata traiiMiiissioii. and that only when st.itionar* 
Another altern.itisc would be to include a niobilitv system 
on the N'iking lander. I'he entire l.iiidcr system would be 
coniniaiidcd to traserse the siirf.ice. 

IV. Mission Options 

Either ol the two rove rs de st ribe el abe)\c could be used 
in se vcr.il elide re lit w.i\s I’or lA.impli'. the* l.irge rover, 
if de siglle-d teir .1 long e lieiugh liii'time*. might be* used 
nltim.iteb tei bring s.iinph s in to .i l.iiiile-d s.imple ri liirn 
sp.tee'ci.ilt wliie li wiiiilel till'll bring tlie'in b.iek to Earth 
rill' sin. ill roMT eoulil. inste.iil of I'mph.isi/mg in sifn 
ini'.isuri'ini'iits .iloiig .i inii'W.is ti.oerse-. be i‘ipii|)pi‘d 
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with a saiiipli‘-ar<|uiNition tool and used to l)rinK samplos 
to the lander for analysis. Siuli a traverse is illustrated 
in Fig. 4, taken from Hef. II. riiis wonld eonfim’ the 
exploration miieh more elosely to the landing' site in ex- 
chaiiKe for a more thorouKh invi*stination of the collectt'd 
samples. 

Sonu- options he\ond the performanee limits repre- 
s»-nted by these two roxers have been studied. A very 
small, tethered rover eould slitjhtly ext«‘nd Viking's 
sample-aexpiisition ranm*. .\t tin- larger size, hinher de- 
crees of automation have been studied, and it is clear 
that a more atitonomous rover eould sab’ly cover much 
more ttround and do tnany more experiments in a Riven 
time. IIow«-v»‘r, apart from tin- eost of developiiiR these 
capabilities, there n-mains the question whether or not 
such a liiRhly automated traverse is tx)inpatible with the 
way early, exploratorx’ science is done. Coven the strariRe 
environment and the stroiiR component of ad hoc recon- 
naissance in the mission, the slow progress of a rather 
unintelligent hut res[X)iisive and versatile rov«T may be 
entirely appropriate. 


V. Program Assessment 

Reeause of tin* substantial amount of new dev«'lopment 
rt-rpiired for the large rover, it would Iw programmat* 
ically risky t<i plan this mission for 1979 or 1981; in any 
event, to do so would re<piir(‘ major changes in other 
(>stablished N,\S.\ programs. Therefore, 198-4 is considered 
the earliest launch date for this class of Mars rover. 

Studies directed toward the (piantitative definition of 
the science objectives and payhiad, mission, and vehicle 
characteristics are ni‘eded if this txpe of mission is war- 
ranted in an overall Mars «‘xpIoration program. However, 
to provide program planning data, funding estimates arc 
provided for a rover with the following instruments: 

(1) .Sampler l>oom and head. 

(2) Panoramic facimile cameras (2). 

(.3) Close-iip imaging (TV). 

(4) Chemical cx)in|X)sitiou (alpha/.\-ray fluoresci-nce). 

(.5) .Mineralogy (Close-np TV). 
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Fig. 4. Mars rover traverses, assuming sample analysis on lander 
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(6) V’oIatiK-s (Icti’ction (Iramiclity cli-toctor, gas chroma- 
tograph). 

(7) Geophysical m« asurements (scismometrs', ilic‘lcctric 
constant hy radar sounding, etc.) 

Total program cost for this mission is estimated to be 
S.5.50 million (F^T.5). .Approximately $3(X> million of this 
total is re(|uir»-d for fh«- rover. 

The incremental cost of adding tlu- small rover mission 
to a basic N'iking mission would be $2.5 to $6() million. 
deir<>nding on the chosen levels of experiment perform- 
ance, technical risk, ipiarantine assuranc«‘, and schedule. 
The cost of tin- Viking carrier would be several times the 
cost of the roving mission. However, in view of the high 
c«)st of delivering either rover to Mars, tin- later schedule 
and higher cost of the large r«)ver may prove acceptable 
in exchange* for its much greater capability. 


'I'he cost .study was based on the following a.ssumptions; 

(1) Launch v«*hicle and DSV-support costs exchnh-d. 

(2) Single flight spacecraft. 

The project cost bn'ukdowu in millions of dollars 


(FY75) is as follows: 


Hovc*r scienee 

70 

Hovc*r system 

200 

Spacecraft and 

230 

landing system 


Contingc'iicy 

.50 

Total 

5.50 


Funding r«*<|uireiii« nls as a function of time are given 
in Table 1 . 


Table 1. Mission funding spread 


KVT.T dollars (inillionsl 80 81 82 83 8-1 8.5 8f< 87 'Itital 

Fiscal year -t 71.5 110.0 143 0 <«,0 Wi.O 22d 10 0 5 5 5.50.0 
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